In stressed and unstressed fish muscles , the I-band disappeared and the M and Z-lines became d ense at 3 and 10 h postmortem , respectively. In spinal cord destroyed fish muscle, the I-band disap peared at 24 h, but the M and Z-lines remained a light color. This state remained unchanged till 48 h. In stressed fish muscle, the interfibrillar space was detected immediately after death, and the space in creased as the postmortem time elapsed. In unstressed fish muscle, the space began to increase at 10 h. In spinal cord destroyed fish muscle , the slight space appeared in only some cases at 24 h, and in all cases at 48 h.
The distinct space detected in the muscle of stressed fish immediately after death was due to the gener ation of tension. The increased space in stressed fish muscle at 3h and in unstressed fish muscle at 10h was due to both the peak tension and the low muscle pH. The spinal cord destroyed fish muscle which showed the slight space at 48 h was not weakened by the presently receiving tension nor the experienced peak tension. The lack of proteolytic degradation with higher muscle pH was related to the less struc ture weakening in this muscle. Immediately after being sacrificed, two dorsal muscle fillets were excised respectively from both sides of the back bone. One fillet was submitted to the measurement of ten sion development of fish muscle immersed in physiological saline and the other fillet to the measurement of ATP/ IMP ratio, muscle pH, or breaking strength in Toyoda's experiment," From the latter fillet, sample muscle fibers for the electron and light microscopies were excised. For comparison with Toyoda's experimental data plots,2) the sample fixation for the microscopies was limited to the storage period of 0, 3, 10, 24h postmortem where the ten sion peak was detected. In addition, the storage period of 48 h postmortem was selected because large data varia tions were observed at 24 h postmortem in the breaking strength2) and in the light microscopic observation of the cross section of muscle fibers (refer to light microscopy description in the Results). The microstructure of stressed fish muscle excised imme diately after death, at 3, 10, or 48 h postmortem is shown in Fig. 1 . Immediately after death, the I-band was ob served but its width was narrow. The muscle was at the be ginning of contraction.
At 3 The bar indicates 2ƒÊm.
h postmortem, the I-band was wide and the muscle was in a relaxed state. At 10 h, the I-band became narrow and the muscle was at the beginning of contraction. At 24h postmortem, the I-band disappeared but the M and Z lines remained in a light color. This state remained un changed till 48 h.
Light Microscopic Observation of Cross Sections of Stressed, Unstressed, and Spinal Cord Destroyed Fish Muscles during Storage
The light microscopic observation or stressed fish mus cle excised immediately after death, at 3, 10, 48h postmor tem is shown in Fig. 4 . Detachment of muscle fibers by compression was detected immediately after death, and the extent of detachment increased with postmortem time. The light microscopic observation of unstressed fish mus cle excised at several different storage periods is shown in Fig. 5 . Immediately after death and at 3 h postmortem, the detachment of muscle fibers by compression was very slight. At 10h the interfibrillar space began to increase, and at 48 h the space became large. The light microscopic result of spinal cord destroyed fish muscle is shown in Fig.  6 . Immediately after death, at 3 and 10h, the interfibrillar space was not seen. At 24h postmortem, the space was not seen in some cases, and a slight space appeared in other cases. The results varied in different fish samples, so the data was omitted. At 48 h postmortem, a slight space was always seen.
Comparison of Microscopic Data with Breaking Strength, Tension, and pH
The breaking strength of muscle immediately after death was 460, 530, and 575 g for stressed, unstressed, and spinal cord destroyed fish muscles. The muscle pH immedi ately after death was 6.47, 6.83, and 7.35 for these mus cles, respectively. The interfibrillar space was already medi um, very slight and absent respectively for these muscles. The tension generation had already begun only in stressed fish muscle at this moment. The pH of stressed fish muscle at 0h was similar to the pH 6.52 of spinal cord destroyed fish muscle at 48h postmortem whose interfibrillar space was slight or medium.
Therefore, we propose that the medium space detected in compressed stressed fish muscle at 0 h and in spinal cord destroyed fish muscle at 48 h is due to the rigor tension development.
A more detailed ex planation of this is given in the following section. The breaking strength of unstressed and spinal cord des troyed fish muscles decreased at 3 h, though the pH of these muscles remained at high values of 6.73 and 7.38. Proteolytic softening was improbable since the activity of a protease such as cathepsin L is very low in these pH ranges.8) This decrease in breaking strength was ascribed to the negative tension values of these muscles which sug gested a more relaxed state at 3 h postmortem than at the moment of death or during their life. The interfibrillar space at 3 h gradually increased in stressed fish muscle and remained almost unchanged in other two muscles. The in creased space in stressed fish muscle might be due to both the peak rigor tension and the proteolytic action at a low pH of 6.24. However, the breaking strength of stressed fish muscle at 3 h remained almost unchanged (454 g) due to the generation of peak tension.
The breaking strength at 10 h postmortem was interpo lated because the temporary increase value at 7 h and the ultimate value at 13 h were selected in the planning of ex perimental points. The strength at 10 h was 372, 426, and 484 g for stressed, unstressed, and spinal cord destroyed fish muscles. The generating tension at 10 h was 8.6 g, 5.5 g, and almost 0 g for these muscles. The muscle pH was 6.20, 6.31, and 7.10, respectively. The interfibrillar space at 10 h was very large, medium, and absent for these mus cles. The increased space in stressed and unstressed fish muscles is due to both the large tension and the proteolytic action at a low pH of 6.20 or 6.31. The difference in mus cle pH between unstressed and spinal cord destroyed fish induces the light microscopic difference by proteolytic weakening of the pericellular connective tissue.4,9) The decrease in breaking strength of stressed fish muscle at 10 h was ascribed to both the large tension and the proteolytic action at a low pH. The increase in breaking strength of un stressed and spinal cord destroyed fish muscles at 10 h was ascribed to the tension generated.
The breaking strength at 48 h was 270, 272, and 372 g for stressed, unstressed, and spinal cord destroyed fish muscles. The tension value was 1.1 g, 0.8 g, and 1.9 g for these muscles. The muscle pH was 6.17, 6.18, and 6.52, re spectively.
The interfibrillar space was still gradually in creasing and was very large in stressed fish muscle at 48 h. The space was also still increasing and large in unstressed fish muscle at 48 h. The slight or medium space was detect ed everywhere in several different samples of spinal cord destroyed fish muscle at 48 h. In spinal cord destroyed fish The relationship between the suppression of interfibril lar space enlargement and the delayed tension develop ment in spinal cord destroyed fish muscle adduced primary evidence for the fact that the decrease in breaking strength was induced by tension development. However, the struc ture weakening of muscle due to tension development was not enough to elucidate the steady decrease of breaking strength in stressed and unstressed muscles during storage. Ando et al.) and Ito et al.9) reported that the weakening of the pericellular connective tissue caused the tenderization of fish muscles during storage. Yamashita and Konagayat10) reported the hydrolytic action of salmon cathepsin L to connective tissue protein in respect of postmortem muscle softening. The cathepsin L had an optimum pH of 5.6 and the activity was 70% at pH 6.25.8) From these aspects it is concluded that the large breaking strength of spinal cord destroyed fish muscle is due to less proteolytic breakdown of the pericellular connective tissue due to the relatively high pH condition.
In stressed fish muscle, the small breaking strength of 460 g at 0 h was ascribed to the structure weakening with increasing tension at pH 6.47. The medium interfibrillar space was developed by this sharply increasing tension. At 3 h, the space became large but the breaking strength remained almost unchanged because of the generation of peak rigor tension. At 10 h, the space became very large and the breaking strength gradually decreased with a low pH of 6.20. The increase in space and the decrease in break ing strength continued till 48 h. These changes during storage between 3 and 48 h were ascribed to both the resid ual tension and the proteolytic action. The proteolytic effect became dominant with decreasing residual tension. In unstressed fish muscle, the small breaking strength of 412 g at 3 h was ascribed to a more relaxed state with a negative tension value than the state which was observed at the moment of death. The increase in breaking strength at 10 h was due to the peak tension generation.
The medi um interfibrillar space was developed at 10 h by the effect of both the peak tension and the proteolytic action with a low pH of 6.31.The decrease in the breaking strength and the increase in the space at 24 h were due to the residual tension and the proteolytic action. These effects continued till 48 h but the proteolytic action became dominant with decreasing residual tension.
In spinal cord destroyed fish muscle, the small breaking strength of 464 g at 3 h was also ascribed to a more relaxed state with a negative tension value. The increase in break ing strength at 10 h was due to the increasing tension. The definite decrease in breaking strength at 24 h was probably due to the peak tension generation because of a relatively high pH of 6.54, which was comparable to the pH in stressed fish muscle at 0 h. Since the interfibrillar space was absent or slight, the proteolytic action was negligible at this pH. This light microscopic finding supports the opin ion that the tension affected the decrease in breaking strength at 24 h. The breaking strength of 392 g of spinal cord destroyed fish muscle at 24 h was smaller than the strength of 460 g of stressed fish muscle at 0 h with almost the same pH. The spinal cord destroyed fish muscle decreased the breaking strength from 464 g in a more relaxed state at 3 h to 392 g at 24 h, a decrease of 72 g. The difference in breaking strength between unstressed and stressed fish muscles at 0 h was 70 g. This decrease induced by the tension development in stressed fish muscle was almost the same as the decrease induced by the tension in spinal cord destroyed fish muscle. This explained the differ ence in the absolute values of breaking strength between spinal cord destroyed fish muscle at 24 h and stressed fish muscle at 0 h. The breaking strength of spinal cord des troyed fish muscle at 48 h decreased slightly to 372 g. This decrease was also ascribed to the residual tension because of the relatively high pH and the narrow interfibrillar space (Fig. 6) .
In the micrograph of tiger puffer after the ordinary decapitation submitted by Ando et al.,4) the interfibrillar space was not detected throughout the storage for 72 h, but the close adherence between muscle fibers was imper fect. In our observation of spinal cord destroyed red sea bream, the close adherence between fibers was perfect, and the boundary between fibers looked like a straight line. The tiger puffer muscle possessed very firm pericellular con nective tissue by nature as it showed a breaking strength larger than 2000g. The red sea-bream muscle showed a breaking strength between 272 and 530 g, and its pericellu lar connective tissue was not very firm. With the spinal cord destruction, the close adherence between fibers became perfect. This perfect close adherence induced a breaking strength that was always larger during postmor tem storage than the strength of unstressed red sea-bream muscle even though their main peak tension values were almost the same.
The temporary increase of breaking strength which was detected-immediately after the onset of rigor tension gener ation did not continue until the tension peak was attained. Since the physical resistance of the muscle structure op posed the tension, the increasing tension partially broken down the muscle structure and tenderized its physical
properties.
In unstressed fish muscle, the speed of tension generation was high. In this fast phenomenon, the muscle contracted strongly as the dense M and Z-lines were ob served. As a result, the interfibrillar space increased to a medium size with the weakening of the pericellular connec tive tissue. This is why the breaking strength began to decrease 3 h earlier before the tension peak was attained. In the previous section, the fragmentation of myofibril was described briefly. In stressed fish muscle, it was slight at 3 h, medium at 10 h, and remarkable at 48 h (Fig. 1) . In unstressed and spinal cord destroyed fish muscles, it was slight at 10 h and medium at 48 h (Figs. 2 and 3) . The ex tent of fragmentation became large as the postmortem time elapsed. It is not clear whether the fragmentation of myofibrils occurred naturally or artificially at the time of ultrathin section preparation by microtome since the my ofibrils were at the bent state in some places with rigor de velopment. However, the bent myofibrils were not found very frequently even in the full rigor state. 
